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Abstract 


Black tea fermentation with Dabaryomyces hansenii for 10 days resulted in accumulation of major vitamins, such as A, B;, Bo, 
Biz and C in sufficient quantities to fulfil the recommended dietary allowances (RDA). Fermentation of tea by yeast resulted in 
reduction of caffeine and excess tannins in significant amounts. After fermentation, the amount of theophylline was increased to 
make fermented tea a potent bronchodilator. Tea fermentation with D. hansenii improved its nutritional and medicinal values. Our 
observations suggest that intake of fermented tea is advantageous over black tea in terms of its nutritive and therapeutic values. 


© 2004 Published by Elsevier Ltd. 
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1. Introduction 


Tea is an aqueous infusion of dried leaves of the plant 
Camellia sinensis (L.) O. Kuntze, and is the most pop- 
ular beverage, consumed by human society world-wide 
and second only to water. Tea is a dietary source of anti- 
oxidant nutrients, such as carotenoids, tocopherols, 
ascorbic acid and non-nutrient phytochemicals generally 
classified as flavonoids and also regarded as safe by the 
US food and drug administration (Wu Christine & Wei, 
2002). It is reported that tea extracts inhibit human 
salivary amylase (Zhang & Kashket, 1998) and disturb 
digestion and nutrition. Numerous studies have dem- 
onstrated that aqueous extracts of black tea and green 
tea posses anti-mutagenic, anti-inflammatory, hypo- 
cholesterimic, anti-diabetic, anti-bacterial (Hamilton- 
Miller, 1995), anti-tumor (Mitscher, Jung, & Shankel, 
1997; Yoshizawa et al., 1987), anti-UV induced oxida- 
tive DNA damage (Wei et al., 1999) and anti-cariogenic 
(Wu Christine & Wei, 2002; Yoshizawa et al., 1987; 
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You, 1993) activities in a variety of experimental animal 
systems. Excess consumption of tea is also harmful as it 
causes mortality and coronary morbidity whereas coffee 
shows the opposite (Woodward & Tunstall-Pedoe, 
1999). A major component of tea, caffeine, causes im- 
pairment of the mechanical properties of growing bone 
in early life (Mitsuhiro et al., 2002). Polyphenols of tea 
are shown to be inhibitors of the absorption of non- 
heme iron (Disler, Lynch, & Charlton, 1975; Derman, 
Sayers, Lynch, Hrlton, & Rothwell, 1977). In recent 
years, the general population has demonstrated in- 
creased awareness and interest in “functional foods”’, 
i.e. foods with positive health benefits or bioregulatory 
functions. Researchers have explored not only desirable 
food habits but also beverages that may contribute to 
overall health and disease prevention (Wu Christine & 
Wei, 2002). It is difficult to implement a new type of diet, 
even with positive effects and so better to modify the 
currently available one with little or no change. The aim 
of the present study was to modify the most-consumed 
beverage tea by yeast fermentation to increase benefits 
in terms of nutritional enrichment of vitamins and me- 
dicinal improvement by decrease in toxic components 
(at high levels of consumption) and increase in physio- 
logically important components. 
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2. Materials and methods 
2.1. Yeast culture 


Debaryomyces hansenii MTCC 1073, yeast culture 
obtained from IMTECH Chandigarh, India, was 
maintained on malt yeast agar medium slants (MTCC 
medium No. 6) and preserved at 2-8 °C temperature. 
Actively growing yeast cells grown in above medium 
slants were used for inoculation into tea extract. 


2.2. Preparation of fermented tea 


Orange Pico type (Assam tea company India) tea 
leaves (2 g), and sucrose (2 g) were added to 100 ml of 
boiling water and steeped for 15 min without loss of 
steam. The infusion was cooled to room temperature 
and then filtered. The resulting clear filtrate was similar 
to the tea beverage consumed as black tea. This filtrate 
was taken in 250 ml Erlenmeyer flasks and sterilized at 
15 Psi for 15 min. After cooling to room temperature 
flasks were inoculated with two loops full of actively 
growing yeast, D. hansenii, cells from slant culture. 
Flasks were incubated at 25 °C in an orbital shaker in- 
cubator at 150 rpm. After 10 days of incubation, the tea 
ferment was centrifuged and supernatant was taken for 
analysis. Unfermented (uninoculated) tea was also in- 
cubated simultaneously, as above, and centrifuged su- 
pernatant was taken for analysis. 


2.3. Analysis 


The fermented and unfermented tea extracts were 
analyzed for various vitamins and medicinally impor- 
tant physiological active components. Vitamins, such as 
B-carotene, thiamine, riboflavin and ascorbic acid were 
analyzed by AOAC methods (Cunnif, 1995); niacin and 
cyanocobalamin were analyzed according to the Indian 
Pharmacopoeia (1996). 

Riboflavin content was also analyzed by microbio- 
logical assay (AOAC 94033), using Lactobacillus casei 
sub sp. rhamnosus MTCC 1408. Theophylline and caf- 
feine were analyzed by HPLC using water:acetoni- 
trile:acetic acid (940:60:10) as mobile phase, UV-visible 
detector at 280 nm,1 ml/min flow rate, using a single 
pump SHIMADZU HPLC system and C18 column at 
room temperature. Total tannins were analyzed by the 
Folin and Denial method of AOAC (Cunnif, 1995). 


3. Results 


3.1. Yeast fermentation 


Tea fermentation by D. hansenii, using as mono-cul- 
ture was carried out. Growth of yeast was found on the 


second day of fermentation which was detected by in- 
creased OD at 600 nm. Increase in growth continued up 
to the third day and no growth was found after the 
fourth day. Little remaining glucose was found on the 
third day of fermentation and traces on the fourth and 
nil on subsequent days of fermentation. After the fourth 
day a gradual decrease in total tannins and caffeine and 
increase in vitamins and theophylline were noted. On the 
tenth day of fermentation, maximum amounts of vita- 
mins were produced and they were reduced on sub- 
sequent days of fermentation. No more reduction of 
tannins or caffeine were noted after the tenth day; 
therefore, fermentation for ten days was optimized 
(Fig. 1). 

Yeast fermentation of tea extract resulted in forma- 
tion of nutritionally important vitamins, such as ribo- 
flavin, b-carotene, thiamine and ascorbic acid (Table 1). 
Improvement of medicinal, physiologically active com- 
ponents in fermented tea was found by increased the- 
ophylline content, decreased caffeine and total tannins 


Conc of Componenis 


1 2 3 4 5 6 rd 8 9 
Days of Fermentation 


—e— Riboflavin mcg (sd0.21) 
~~» Theophylline mcg (sd 1.23) 
—«- Total Tannins mg (sd2.17) 


—s- Beta-carotene mcg (sd0.32) 
—— Caffeine mg (sd3.75) 


Fig. 1. Yeast fermentation of black tea concentrations are per ml. 
Series: (1) riboflavin; (2) B-carotene; (3) theophylline; (4) caffeine; (5) 
total tannins. 


Table | 
Nutritional improvement of vitamins in fermented tea using D. 
hansenii 


Vitamin Concentration/ml 

Black tea SD Fermented tea SD 

(n = 9) (ug) (n = 9) (ug) 
B-Carotene 1.4 0.033 3.6 0.055 
Riboflavin 0.28 0.018 3.2 0.026 
Thiamine 0.085 0.002 3.2 0.036 
Cyanocobalamine 0.0 0.0 0.5 0.039 
Ascorbic Acid 44 0.061 13 0.052 


The values given above are averages of three experiments, each in 
triplicate, conducted on different occasions (n= total number of 
samples). 
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Table 2 
Medicinal improvement of physiological active components in fer- 
mented tea using D. hansenii 


Component Concentration/ml 
Black tea SD Fermented SD 
(n= 9) tea (n = 9) 
Total tannins 0.8 mg 0.018 0.45 mg 0.007 
Caffeine 1550 pg 1.870 1015 pg 1.224 
Theophylline 0.07 pg 0.001 7.2 ug 0.030 


The values given above are averages of three experiments, each in 
triplicate, conducted on different occasions (n= total number of 
samples). 


(Table 2). Experiments were done thrice, each time in 
triplicate and maximum CV was 5%. 


4. Discussion 


The fermentation method adopted to modify the 
value of tea in the present study, was easy to perform 
with household utensils. Tea has high levels of tannins, 
phenolic compounds, which form strong complexes with 
proteins and other polymers (Goldstein & Swain, 1963). 
These polyphenols inhibit the digestive enzymes by 
precipitation (Jolyn & Jolyn, 1964a) and also strongly 
inhibit the absorption of non-heme iron (Brune, Ros- 
sander, & Halberg, 1989; Derman et al., 1977; Disler 
et al., 1975; Halberg & Rossander, 1982). Tannins are 
important in food because of their astringency (Jolyn & 
Jolyn, 1964a), a contracting or drying taste (Mooncrieff, 
1951). Debaryomyces yeast is known to utilize aromatic 
compounds when the fermentation is weak (Karasevich, 
1978). D. hansenii, MTCC 1073, is known for riboflavin 
production (IMTECH, 2000). Various populations 
consume different fermented teas in which micro or- 
ganisms, as a consortium, are used for fermentation 
(Chen & Liu, 2000). These fermented teas contain many 
yeasts of which a few may be facultative pathogens 
which infect immunosuppressed persons (Mayser, 
Fromme, Leitzmann, & Grunder, 1995). The consor- 
tium gives smell and taste which may not be liked by 
some people. To avoid the consortium culture, changing 
the smell and taste, D. hansenii was used as a mono- 
culture for the present tea fermentation. The importance 
of tea for its nutritional (Wu Christine & Wei, 2002) and 
medicinal values (Hamilton-Miller, 1995; Mitscher 
et al., 1997; Wei et al., 1999; Wu Christine & Wei, 2002; 
Yoshizawa et al., 1987; You, 1993) and its harmful ef- 
fects on health (Hattori, Kusumoto, & Namba, 1990; 
Mitsuhiro et al., 2002; Sehenker, 2001; Woodward & 
Tunstall-Pedoe, 1999; Zhang & Kashket, 1998) is well 
documented. In general, a person drinks 2 (Graham, 
1978) to 4 cups (Weidner & Istvan, 1985) of tea per day 
(1 cup= 200 ml) (Halberg & Hulthen, 2000). If an av- 


erage of 3 cups (600 ml) of fermented tea is taken daily, 
its nutritional improvement is progressive. 

Daily intake of fermented tea provides 2160 pg of B- 
carotene which is better than black tea (840 ug) (Table 
1) and takes care of the recommended dietary index of 
2400 pg to an adult human (NNMB, 1995). Studies have 
shown that vitamin A and riboflavin play important 
roles in iron metabolism. The provision of these nutri- 
ents, along with iron, significantly improved iron nu- 
trition and reduced anemia in young children and 
pregnant women when compared with those who re- 
ceived only one of the nutrients (Allen & Casterline- 
Sabel, 2001). Riboflavin deficiency is quite common in 
many parts of the developing world and clinical signs of 
angular stomatitis have been reported in several surveys. 
However, it has received little attention (Allen & Cas- 
terline-Sabel, 2001; Ramakrishnan, 2002). Daily intake 
of fermented tea provides 1.92 mg of riboflavin (Table 1) 
which is better than black tea (0.168 mg) and meets the 
recommended dietary index of 1.4 mg for an adult hu- 
man (NNMB, 1995). Niacin is also an important vita- 
min in the human diet (Miller, 2003) and there was no 
difference between niacin contents in the tea extracts 
before and after fermentation (results not shown). 

Generally, the thiamin recommended dietary index is 
met by food, but inhibitory effects of tea components on 
thiamin utilization have been reported (Wang et al., 
1991). Daily intake of fermented tea provides 1.92 mg of 
thiamin (Table 1) which is better than black tea (0.051 
mg) and meets the recommended dietary index of 1.2 mg 
for an adult human (NNMB, 1995). Cyanocobalamin 
deficiency is common in a country like India, where 
animal-based food intakes are low (DeMaeyar & Adiels- 
Tegman, 1985). Daily intake of fermented tea provides 
0.3 mg of cyanocobalamin (Table 1) which is better than 
black tea (0.0 mg) and meets a part of the recommended 
dietary index of 1.0 mg for an adult human (NNMB, 
1995). 

Ascorbic acid (vitamin C) is an essential component 
of the human diet. Moreover vitamin C enhances iron 
absorption (Cook & Redd, 2001; Halberg & Hulthen, 
2000) and is important in preventing megaloblastic 
anemia of infants (Jacob, 1994) and also reduces stom- 
ach cancer (Hemila & Herman, 1995). Daily intake of 
fermented tea provides 7.8 mg of ascorbic acid (vitamin 
C) (Table 1) which is better than black tea (2.64 mg) and 
meets a part of the recommended dietary allowance of 
40 mg for an adult human (NNMB, 1995), but may be 
positive to health as it is synergistic with other vitamins 
and minerals. The effect of ascorbic acid on the inhibi- 
tion of iron absorption by tannins was _ reported 
(Siegenberg, Baynes, & Bothwell, 1991; Tuntawiroon, 
Sritongkul, & Brune, 1991). Iron binding polyphenols 
are widespread in foods and in many beverages, such as 
wine, coffee and tea (Brune et al., 1989; Harborne, 
1980). In fermented tea decreased tannins and increased 
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ascorbic acid concentrations are significantly useful for 
iron absorption and improved digestion. Black tea 
contains 0.8 mg/ml of total tannins which equals 160 mg 
per cup and 480 mg daily intake by tea alone. Fermented 
tea contains 0.45 mg/ml total tannins and gives 90 mg 
per cup and 200 mg as daily intake, which is sufficient 
for astringency taste. 

Black tea has high concentrations of caffeine (1550 
ug/ml). It is practically impossible to avoid caffeine as it 
is present in various foods, beverages and over the 
counter medications (Mitsuhiro et al., 2002). On bal- 
ance, it is better to reduce the daily intake of caffeine. 
There was a decrease in caffeine content in fermented 
tea. A cup of black tea contains 310 mg caffeine and its 
daily intake, through tea, is 930 mg (when 3 cups are 
taken), whereas fermented tea contains 200 mg caffeine 
per cup and its daily intake will be 600 mg (Table 2). 

Theophylline is a xanthine bronchodilator. It also 
causes neural excitability by binding to y-aminobutyric 
acid (GABA), the main inhibitory neurotransmitter in 
the cortex (Nardone, Buffone, Move, Lochner, & Tez- 
zon, 2004). It is less rapidly absorbed when given orally 
but rapidly and widely distributed in the tissue after 
absorption. Its treatment dose, as a bronchodilator, is 
0.18-1.0 g daily (Motaff, 1992). A cup of black tea 
contains 0.014 mg of theophylline (Table 2) and its daily 
intake is 0.042 mg, whereas fermented tea contains 1.44 
mg theophylline per cup and its daily intake will be 4.32 
mg, which is helpful, as it increases neurostimulation 
and additionally can become part of a therapeutic dose 
for patients on theophylline treatment. 

Our observations suggest that intake of fermented tea 
is superior to black tea in terms of its nutritive and 
therapeutic value as it also did not show much change in 
taste and color after fermentation. This may be recom- 
mended for consumption as a modified beverage with 
higher nutritive values. 
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